Removal of the parametrial fat pads (partial lipectomy) from female SKH-1 mice fed a high-fat diet inhibited UVB-induced carcinogenesis, but this was not observed in mice fed a low-fat chow diet. Partial lipectomy in high-fat-fed mice decreased the number of keratoacanthomas and squamous cell carcinomas per mouse by 76 and 79%, respectively, compared with sham-operated control mice irradiated with UVB for 33 wk. Immunohistochemical analysis indicated that partial lipectomy increased caspase 3 (active form) positive cells by 48% in precancerous epidermis away from tumors, by 68% in keratoacanthomas, and by 224% in squamous cell carcinomas compared with sham-operated control mice. In addition, partial lipectomy decreased cell proliferation away from tumors and in tumors. RT-PCR analysis for adipokines revealed that mRNAs for TIMP1, MCP1, and SerpinE1 (proinflammatory/antiapoptotic cytokines) in the parametrial fat pads of sham-operated control mice were 54-to 83-fold higher than levels in compensatory fat that returned after surgery in partially lipectomized mice at the end of the tumor study. Feeding mice high-fat diets for 2 wk increased levels of TIMP1 and other adipokines in serum and epidermis, and these increases were inhibited by removal of the parametrial fat pads. Our results are a unique demonstration that surgical removal of a specific tissue fat results in inhibition of carcinogenesis in obese mice. This inhibition was associated with an increase in apoptosis and a decrease in proliferation in tumors and in precancerous areas away from tumors.
Removal of the parametrial fat pads (partial lipectomy) from female SKH-1 mice fed a high-fat diet inhibited UVB-induced carcinogenesis, but this was not observed in mice fed a low-fat chow diet. Partial lipectomy in high-fat-fed mice decreased the number of keratoacanthomas and squamous cell carcinomas per mouse by 76 and 79%, respectively, compared with sham-operated control mice irradiated with UVB for 33 wk. Immunohistochemical analysis indicated that partial lipectomy increased caspase 3 (active form) positive cells by 48% in precancerous epidermis away from tumors, by 68% in keratoacanthomas, and by 224% in squamous cell carcinomas compared with sham-operated control mice. In addition, partial lipectomy decreased cell proliferation away from tumors and in tumors. RT-PCR analysis for adipokines revealed that mRNAs for TIMP1, MCP1, and SerpinE1 (proinflammatory/antiapoptotic cytokines) in the parametrial fat pads of sham-operated control mice were 54-to 83-fold higher than levels in compensatory fat that returned after surgery in partially lipectomized mice at the end of the tumor study. Feeding mice high-fat diets for 2 wk increased levels of TIMP1 and other adipokines in serum and epidermis, and these increases were inhibited by removal of the parametrial fat pads. Our results are a unique demonstration that surgical removal of a specific tissue fat results in inhibition of carcinogenesis in obese mice. This inhibition was associated with an increase in apoptosis and a decrease in proliferation in tumors and in precancerous areas away from tumors.
obesity | skin cancer S unlight-induced nonmelanoma skin cancer is a major cancer in the United States (1) (2) (3) (4) , and rates of obesity are also dramatically increasing, leading to an alarming rise in morbidity and mortality caused by heart disease, diabetes, and cancer. How obesity contributes to skin cancer and the molecular changes induced by obesity that promote skin cancer development remain poorly understood. Therefore, approaches for preventing these cancers are of considerable importance. Early studies in our laboratory indicated that orally administered caffeine to UVB-pretreated "high-risk" SKH-1 mice decreased tissue fat as measured by the size of the parametrial fat pads and the thickness of the dermal fat layer (5) , and this treatment also decreased tumor formation (6) . Mechanistic studies suggested that the stimulatory effect of caffeine administration on locomotor activity contributed to the effect of caffeine on tissue fat (7). Our results also showed that voluntary running wheel exercise decreased the weight of the parametrial fat pads, which was associated with decreased UVB-induced formation of skin tumors as well as the size of the tumors (8). Additional observations indicated that a combination of caffeine administration and running wheel exercise was more effective than either treatment alone at decreasing tissue fat and enhancing UVB-induced apoptosis (9) . In a recent study, we found that running wheel exercise together with oral administration of caffeine had a greater inhibitory effect on UVB-induced skin carcinogenesis than either treatment alone (10) . Because these effects of caffeine and exercise were associated with decreased tissue fat, we studied the effect of removal of the parametrial fat pads (partial lipectomy) on UVB-induced apoptosis. The results indicated that partial lipectomy stimulated UVB-induced apoptotic sunburn cells, but this treatment had no effect in the absence of UVB (11) . These results suggest that the parametrial fat pads can significantly influence UVB-induced skin carcinogenesis. In the present study, we investigated the effect of partial lipectomy on UVBinduced skin carcinogenesis in mice fed either a 40%-kcal highfat diet rich in omega-6 fatty acids or a low-fat chow diet. Our previous studies showed that this high-fat diet rich in omega-6 fatty acids (described in SI Materials and Methods) enhanced UVB-induced skin tumor formation compared with mice fed a high-fat diet rich in omega-3 fatty acids (12) . The results of the present study demonstrate that removal of the parametrial fat pads markedly inhibits UVB-induced carcinogenesis in highfat-fed mice.
Results
Surgical Removal of the Parametrial Fat Pads Inhibits UVB-Induced Skin Tumor Formation in Mice Fed a High-Fat Diet, but Not in Mice Fed a Low-Fat Chow Diet. As expected, mice fed a 40%-kcal high-fat diet during the course of UVB irradiation for 33 wk were heavier than the mice fed the low-fat chow diet ( Fig. 1 A and B) . Surgical removal of the parametrial fat pads did not influence body weight in mice fed either the 40%-kcal high-fat diet or the lowfat chow diet over the 33 wk of UVB treatment ( Fig. 1 A and B) . Surgical removal of the parametrial fat pads markedly inhibited UVB-induced skin tumorigenesis in mice fed the high-fat diet (Fig. 1A ), but this outcome was not observed in mice fed the low-fat chow diet (Fig. 1B) .
Surgical removal of the parametrial fat pads in SKH-1 mice fed a high-fat diet increased the time needed for the development of skin tumors compared with sham-operated control animals. Lipectomized mice started developing tumors during the 25th week after the start of UVB exposure, whereas shamoperated control animals started developing tumors during the 23rd week after the start of UVB exposure (Fig. 1A) . Thereafter, the tumor incidence in the lipectomized group was always lower than that in the sham-operated control mice. Kaplan-Meier estimates of the median tumor-free time for the lipectomized group was 31 wk of UVB exposure with a 95% confidence interval from week 29 to week 33. The median tumor-free time for the sham-operated control group was 29 wk of UVB exposure with a 95% confidence interval from week 27 to week 29. The log-rank test of the homogeneity of the tumor-free distribution function showed that the difference between the two treatment groups was statistically significant (P = 0.005) (Fig. 1A) .
In both the lipectomy and sham-operated groups fed the highfat diet, the number of tumors per mouse increased with time (Fig. 1A) . The rate of increase (quadratic trend) in tumor numbers per mouse for the sham-operated group was statistically greater than that for the lipectomy group (P < 0.0001) (Fig. 1A) . On average, at week 33, the tumor number per mouse for the sham-operated group was 3.3 times more than that for the lipectomy group (P < 0.0001). These results indicate that removal of the parametrial fat pads decreased the number of tumors per mouse.
The tumor volume per mouse increased over time in both groups fed the high-fat diet (Fig. 1A) , as did the variation of the tumor volume per mouse. Although the quadratic time trend was not statistically different between the two groups, the linear trend for the sham-operated group was statistically larger than that for the lipectomy group (P < 0.0001). On average, at week 33, the tumor volume per mouse for the sham-operated control group was 4.5 times bigger than that for the lipectomy group (P < 0.0001) (Fig. 1A) . These results indicate that partial lipectomy significantly decreased tumor size.
Histopathological examinations of all of the skin lesions from animals fed the high-fat diet revealed that lipectomy decreased the percentage of mice with squamous cell papillomas, keratoacanthomas, and squamous cell carcinomas by 38, 28, and 65%, respectively, compared with the percentage of the various tumors in sham-operated control mice (Table 1) . Lipectomy decreased the number of squamous cell papillomas, keratoacanthomas, and squamous cell carcinomas per mouse by 37, 76, and 79%, respectively, compared with the various tumors in sham-operated control mice (Table 1) . Lipectomy decreased the size of squamous cell papillomas, keratoacanthomas, and squamous cell carcinomas per mouse by 35, 90, and 88%, respectively, compared with the sham-operated control mice (Table S1 ). In an additional study, removal of the parametrial fat pads from SKH-1 mice fed a 60%-kcal very-high-fat diet inhibited UVB-induced formation of tumors per mouse by 70%, and the size of tumors per mouse was decreased by 82%, compared with sham-operated control mice.
Surgical Removal of the Parametrial Fat Pads Stimulates Apoptosis and Inhibits Proliferation in Tumors and in Areas of the Epidermis
away from Tumors in UVB-Treated Mice. Immunohistochemical analysis with all tumor samples from high-fat-fed mice (Fig. 1A) indicated that lipectomy increased the percentage of caspase 3 (active form) positive cells in precancerous epidermis away from tumors by 48%, in keratoacanthomas by 68%, and in squamous cell carcinomas by 224%, compared with the sham-operated control mice (all P values were less than 0.01) ( Fig. 2A) . Partial lipectomy also inhibited cell proliferation. Removal of the parametrial fat pads decreased the percentage of BrdU + cells in precancerous areas away from tumors by 28% (P = 0.01), in keratoacanthomas by 24% (P < 0.01), and in squamous cell carcinomas by 41% (P = 0.07), compared with the sham-operated control mice (Fig. 2B) . Overall, partial lipectomy decreased the proliferation index (ratio of BrdU + cells/caspase-3 + cells) by 42% in precancerous areas away from tumors, by 51% in keratoacanthomas, and by 88% in squamous cell carcinomas compared with the sham-operated control mice (Fig. 2C ). another 80 female SKH-1 mice were given a low-fat chow diet for 2 wk. Mice on each diet were then equally divided into two groups. One group of mice had their parametrial fat pads removed and the other group of mice was a sham-operated control. The high-fat and the chow diets were continued throughout the study. Two weeks after the surgery, all of the mice were treated with UVB (30 mJ/cm 2 ) twice a week for 33 wk. Body weight and tumors were measured every 2 wk.
the low-fat chow diet ( Fig. 1 A and B) , the average percentage of the parametrial fat pads compared with total body fat between these groups was almost the same (accounting for ∼15% of total body fat) as assayed by dual-energy X-ray absorptiometry (DXA). We found that partially lipectomized mice restored their body fat very quickly, and the compensatory fat that returned after removal of the parametrial fat pads was redistributed to other places. The parametrial fat pads showed no signs of regeneration. The parametrial fat pads in sham-operated mice and compensatory fat that returned after partial lipectomy at the end of the tumorigenesis study described in Fig. 1A are shown in Fig.  S1A . Because MCP1 (monocyte chemoattractant protein-1), SerpinE1 (Serpin peptidase inhibitor, clade E, member 1), and TIMP1 (tissue inhibitor of metalloproteinase-1) are adipokines that were reported to have antiapoptotic or proinflammatory effects, and high levels were found in UVB-induced tumors (discussed later), we evaluated the levels of mRNAs for MCP1, SerpinE1, and TIMP1 in the parametrial fat pads from shamoperated control mice and in the compensatory fat from partially lipectomized mice by real-time PCR at the end of the tumor study described in Fig. 1A . Our data indicated that the mRNA levels for MCP1, SerpinE1, and TIMP1 in the parametrial fat pads of sham-operated control mice were 54-, 83-, and 63-fold higher, respectively, than the levels in the compensatory fat of partially lipectomized animals (Fig. S1B) . In a second study where mice fed a 60 kcal very-high-fat diet using a similar protocol as described in Fig. 1 , the mRNA levels for MCP1, SerpinE1, and TIMP1 in the parametrial fat pads of sham-operated control mice were 29-, 43-, and 23-fold higher, respectively, than the levels in the compensatory fat of partially lipectomized animals.
Measurement of Adipokines in the Epidermis, Tumors, and Serum
During a Carcinogenesis Study. An antibody array was used to measure the levels of 38 adipokines in normal epidermis without UVB exposure as well as in the epidermis of nontumor-bearing animals and in squamous cell carcinomas from mice fed a low-fat chow diet and treated with UVB for 33 wk (samples from Fig.  1B) . Only a small number of adipokines was observed in normal epidermis (no UVB treatment) from low-fat chow-fed mice (Fig.  S2A ). They were adiponectin, DPPIV, fetuin A, ICAM1, lipocalin-2 and RBP4, and other adipokines were either not present or were only present in small amounts. An increased number and level of adipokines were observed in the epidermis of nontumorbearing or tumor-bearing animals and in tumors of mice treated with UVB for 33 wk. Among 38 adipokines examined, substantial amounts of three adipokines were present in tumors but not in the normal epidermis. They were: MCP1, SerpinE1, and TIMP1. In addition to these three adipokines, many other cytokines were increased in the epidermis of nontumor-bearing animals treated with UVB for 33 wk and in tumors compared with the normal epidermis. Compared with the epidermis, serum had more and higher levels of adipokines (Fig. S2 A vs. B) . The serum from tumor-bearing mice had higher levels of adipokines than normal serum or serum from nontumor-bearing mice treated with UVB for 33 wk. TIMP1 was especially prominent in tumors and in the serum from tumor-bearing animals ( Fig. S2 A  and B) . Western blot analysis confirmed that tumors had higher Eighty female SKH-1 mice were given a high-fat diet rich in polyunsaturated omega-6 fatty acids for 2 wk. Mice were then equally divided into two groups on the basis of body weight. One group of mice had their parametrial fat pads removed and another group of mice was a sham-operated control. Two weeks after the surgery, all of the mice were treated with UVB (30 mJ/cm 2 ) once a day, twice weekly for 33 wk. The mice were killed at 24 h after the last dose of UVB, and all tumors were characterized by histopathology. Each value is the mean ± SE, and the numbers in parentheses represent percent decrease. *P < 0.01, **P < 0.05. levels of MCP1, SerpinE1, and TIMP1 than the normal epidermis (Fig. S2C) .
Surgical Removal of the Parametrial Fat Pads Decreases TIMP1 and Other Adipokines in the Epidermis and in the Serum of Mice Fed High-
Fat Diets. Because removal of the parametrial fat pads inhibited UVB-induced carcinogenesis in mice fed a high-fat diet, we evaluated the effects of removing the parametrial fat pads on the profile of adipokines in the epidermis and serum of mice fed a 40%-kcal or a 60%-kcal high-fat diet for 2 wk. Feeding SKH-1 mice either a 40%-kcal high-fat diet or a 60%-kcal very-high-fat diet for 2 wk resulted in a modest increase in adipokines in the epidermis (compare normal epidermis in Fig. S2A with Fig. 3 A and C) and large increases of adipokines in the serum compared with mice fed the low-fat chow diet (compare normal serum in Fig. S2B with Fig. 3 B and D) . Although removal of the parametrial fat pads had a small inhibitory effect on the epidermal levels of adipokines in mice fed a 40%-kcal high-fat diet (Fig.  3A) , densitometry analysis indicated that partial lipectomy decreased the serum levels of TIMP1 by 75%, and C-reactive protein and fetuin A were decreased by 78 and 79%, respectively, compared with the sham-operated control mice (Fig.  3B) . Switching mice from a 40%-kcal high-fat diet to a 60%-kcal very-high-fat diet substantially increased the levels of several adipokines, especially TIMP1 in the epidermis (Fig. 3 A vs. C), and TIMP1 and RAGE (receptor for advanced glycation end products) in the serum (Fig. 3 B vs. D) . Removal of the parametrial fat pads from mice fed a 60%-kcal very-high-fat diet resulted in a 98% decrease in epidermal TIMP1 (Fig. 3C) , a 70% decrease in the serum levels of TIMP1, and a 59% decrease in the serum level of RAGE (Fig. 3D) .
Discussion
More than 60 y ago, Baumann and Rusch were the first to demonstrate a stimulatory effect of a high-fat diet on UV-induced skin carcinogenesis (13) . Subsequently, Black and his colleagues confirmed the stimulatory effect of a high fat diet on UV-induced formation of skin tumors in mice, and they provided evidence for an association of high-fat diets with actinic keratosis and skin cancer in humans (14) (15) (16) (17) . Recently, prospective studies indicated that high-fat diets increased the risk of squamous cell carcinomas, and individuals with a high body mass index were at a higher risk of contracting skin cancer than individuals with a low body mass index (18, 19) . It is well known that tissue fat is metabolically active. In addition to storing calories, tissue fat secretes a large numbers of adipokines (20) . Several studies have shown that obesity is associated with elevated plasma free fatty acid levels (21) and a significant rise in proinflammatory adipokines/cytokines, which may play a tumor-promoting role in the development of cancer (22) (23) (24) (25) (26) . Iyengar et al. suggested that adipocyte-secreted factors synergistically promote mammary tumorigenesis through induction of antiapoptotic transcriptional programs and protooncogene stabilization (27) . However, the molecular mechanisms underlying the effect of excess adipose tissue from a high-fat diet on UV-induced carcinogenesis have not been explored. Therefore, identification of the source of the production and secretion of proinflammatory adipokines in adipose tissue may provide a novel mechanistic link between specific local tissue fat and associated tumor formation. In addition, although there are several reports indicating that drug administration, low-fat diets, calorie restriction, or physical exercise are recommended and used widely for treating obesity, relevant models for lowering the formation and release of adipokines with possible tumor-promoting activities by surgical removal of specific tissue fat leading to alterations of skin cancer formation have not been reported. Our present study showed that mice with partial lipectomy had inhibition of UVB-induced skin tumorigenesis compared with their sham-operated controls. These results suggest that the parametrial fat pads have an important role for UVB-induced skin cancer formation, and surgical removal of these fat pads provides a unique approach for studying the direct effect of a decrease in tissue fat on UVB-induced skin tumor formation. This research opens a unique approach for studying how obesity contributes to cancer formation that will help determine molecular biomarkers of risk from tissue fat that can be used for designing future mechanistic studies. We expect that the possible utility of reducing tissue fat by partial lipectomy is not only cancer preventive for skin cancer, but may also be preventive or therapeutic for other cancers. It will be of interest to determine whether partial lipectomy inhibits the formation and growth of more lethal obesity-associated cancers such as cancers of the colon, prostate, and pancreas.
A B C D Fig. 3 . Surgical removal of the parametrial fat pads decreases high-fat-diet-induced TIMP1 and other adipokines in the epidermis and in the serum. Female SKH-1 mice (10 mice per group) were given either a 40%-kcal high-fat diet or a 60%-kcal very-high-fat diet for 2 wk. Half of mice had their parametrial fat pads removed and the other half of mice was a sham-operated control. Two weeks after the surgery, the mice were killed, and the epidermis and serum were collected, combined separately, and subjected to antibody array for adipokines. Our mechanistic studies with immunohistochemical methodology in the present paper indicated that partial lipectomy decreased UVB-induced skin tumor formation, which was associated with an increase in apoptosis and a decrease in cell proliferation in precancerous areas of the epidermis away from tumors and in tumors as measured by an increase in the percentage of caspase 3 (active form) positive cells and a decrease in the percentage of BrdU + cells. Our antibody array data indicated that high-fat diets increased the levels of several adipokines, especially TIMP1, and removal of the parametrial fat pads resulted in a dramatic decrease of TIMP1 in the epidermis and in serum (Fig. 3) . The serum level of RAGE was also decreased (Fig. 3) . TIMP1 is a glycoprotein that is an inhibitor of the matrix metalloproteinases (a group of peptidases involved in degradation of the extracellular matrix). TIMP1 inhibits apoptosis (28) (29) (30) (31) and protects human breast epithelial cells against both intrinsic and extrinsic apoptotic cell death via the focal adhesion kinase/phosphatidylinositol 3-kinase and MAPK signaling pathways, and thus may be oncogenic (32) . Clinical studies using primary breast cancer cells revealed an association between high levels of TIMP1 mRNA or protein and a poor prognosis for patients with breast cancer (33) (34) (35) . In addition, TIMP1 gene deficiency increased tumor cell sensitivity to chemotherapy-induced apoptosis (36) . TIMP1 also has growth-promoting activity and promotes cell proliferation in a wide range of cell types (37, 38) . These data imply a significant role for the antiapoptotic effect of TIMP1 in chemoresistance. TIMP1 is an adipocytesecreted protein that is up-regulated in obesity and promotes adipose tissue development (39) . Overexpression of TIMP1 in transgenic mice increased the rate of adipocyte differentiation (40) , whereas TIMP1-deficient mice were protected from nutritionally induced obesity (41) . TIMP1-deficient mice treated with a high-fat diet had significantly lower body weight and significantly less s.c. fat than wild-type mice, and these differences were much less pronounced for mice on a low-fat diet (41) . TIMP1 was also reported to play an important role in the pathogenesis of nonmelanoma skin cancer and is a useful indicator of cutaneous cancer invasion and progression (42) . However, the effect of lowering the level of TIMP1 by removal of a specific tissue fat to prevent UVB-induced skin cancer formation has not been reported. Recent studies showed that RAGE is a multifunctional receptor with multiple ligands that is known to play a key role in several diseases including cancer, and overexpression of RAGE is associated with enhanced autophagy, diminished apoptosis, and greater tumor cell viability (43) . MCP1 is overexpressed in obese mice compared with their lean controls, and white adipose tissue is a major source of MCP1 (44) . MCP1 is a chemokine that regulates the recruitment of monocytes into sites of inflammation and cancer, and neutralization of MCP1 reduces the growth of prostate, breast, and lung cancer in mice. MCP1 was reported to inhibit apoptosis, and treatment with MCP1 led to significant up-regulation of VEGF and MMP-9 and down-regulation of caspase 3 mRNA and protein compared with an untreated control, whereas MCP1 siRNA-mediated knockdown reversed these changes (45) . Thus, MCP1 is proposed as a molecular target for cancer treatment (46) (47) (48) . SerpinE1 plays a crucial role in invasion of malignant cells across the basal lamina, and increased levels are present in a number of cancers as well as in obesity (49) . Thus, our results suggest that (i) tissue fat secretes antiapoptotic adipokines that inhibit apoptosis in DNA-damaged precancerous cells and in cancer cells, which may help explain why obese individuals have an increased risk of cancer, and (ii) partial lipectomy lowers the serum levels of TIMP1 and other proinflammatory adipokines, which may help explain why partial lipectomy has an inhibitory effect on UVB-induced skin cancer formation. It should be noted that although the antibody array included 38 adipokines, other important adipokines/inflammatory factors such as IL-18 and IFN-γ that were reported to previously be linked with fatcaused inflammation (50, 51) were not included. We will evaluate these factors in future studies.
Our results indicate that partially lipectomized mice restore their body fat very quickly, and the parametrial fat pads showed no signs of regeneration. Because high levels of adipokines that inhibit apoptosis and enhance inflammation were found in tumors and in the serum of tumor-bearing animals, we measured the levels of adipokines in the epidermis and serum following partial lipectomy. We found that high mRNA for TIMP1, MCP1, and SerpinE1 were present in the parametrial fat pads from sham-operated control mice, whereas the compensatory fat that appeared at a different anatomic location after surgical removal of the parametrial fat pads had a manyfold lower level of mRNA for TIMP1, MCP1, and SerpinE1, demonstrating large molecular differences between different sources of tissue fat. These results led us to hypothesize that high dietary fat caused the parametrial fat pads to secrete high levels of TIMP1 and other proinflammatory molecules that promote UVB-induced skin carcinogenesis. According to this concept, removal of the parametrial fat pads should decrease the levels of TIMP1 and other fat-cell-derived antiapoptotic and/or growth-promoting molecules that result in an inhibition of UVB-induced skin tumor formation. An additional explanation of differences between the parametrial fat pad and the compensatory fat may be related to cellular diversity in parametrial fat pads vs. compensatory fat; for example, macrophage infiltration is associated with obesity-related inflammation (52, 53) and extra cellular matrix turnover by metalloproteinases (54) . These macrophages also form proinflammatory feedback loops with preadipocytes and adipocytes to produce MCP1, TNF-α, MIP-1α, etc (53) . F4/80 and CD1/b immunostaining can be used to identify the macrophage content of fat (55) . It is possible that the parametrial fat contains more activated macrophages compared with the compensatory fat.
Finally, it is important to indicate that the conclusions in this manuscript only apply to an animal model, and the possible effects of cosmetic lipectomy or other lipectomy procedures on cancer risk in humans are unknown.
In summary, our data indicated that surgical removal of the parametrial fat pads in mice fed a high-fat diet inhibited UVBinduced formation of skin tumors, and tumor size was also dramatically reduced. Lipectomy-induced inhibition of carcinogenesis was specifically effective in mice fed a high-fat diet but not in mice fed a low-fat chow diet. Mechanistic studies indicated that removal of the parametrial fat pads enhanced apoptosis and decreased cell proliferation in tumors as well as in precancerous areas of the epidermis away from the tumors. Antibody array data indicated that lipectomy in mice fed a high-fat diet decreased the level of TIMP1 as well as other adipokines. The mRNA level for TIMP1, MCP1, and SerpinE1 in the compensatory fat that appeared after surgery was dramatically decreased compared with the mRNA level for TIMP1, MCP1, and SerpinE1 in parametrial fat pads from sham-operated control mice. This is a unique demonstration that surgical removal of tissue fat can inhibit carcinogenesis in obese mice.
Materials and Methods
All mouse experiments were approved by the institutional animal care and use committee of Rutgers University. Detailed methods for animal treatments, diets, surgical removal of parametrial fat pads, histopathological analysis, and immunohistochemical staining for caspase-3 + and BrdU + cells, body fat composition by dual-energy X-ray absorptiometry, adipokine antibody array, RT-PCR, and statistical analysis can be found in SI Materials and Methods.
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